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$GDSWLQJDJULFXOWXUHWRFOLPDWHFKDQJHLVXQDYRLGDEOH
)RUDGDSWDWLRQRQWKHFRQFHSWVHHER[WRVXFFHHG
LWLVQHFHVVDU\IRUIDUPVWRWDNHFRQFUHWHDGDSWDWLRQ
PHDVXUHVEXWDOVRJHQHUDOORQJWHUPVRFLHWDODFWLRQV
DUH QHHGHG 2XU FRPPHQWV KHUH IRFXV PDLQO\ RQ
DGDSWDWLRQPHDVXUHVIRUIDUPV
$QDVSHFWRIWHQQHJOHFWHGLQFXUUHQWGLVFXVVLRQVRQ
DGDSWDWLRQLQDJULFXOWXUHGLVFXVVHGLQGHWDLOLQ0OOHU
HWDOLVWKDWDGDSWDWLRQVWUDWHJLHVDOVRQHHGWR
RIIHUIDUPLQJIDPLOLHVVROXWLRQVRXWVLGHDJULFXOWXUHLI
DJULFXOWXUDOSURGXFWLRQEHFRPHVLPSRVVLEOHIRUWKHP
)RUH[DPSOHGURXJKWUHVLVWDQWYDULHWLHVDQGLPSURYHG
HIÀFLHQF\RIZDWHUXVHZRXOGKHOSDGDSWDWLRQEXWLQ
VRPHFDVHVZDWHUDYDLODELOLW\PD\EHFRPHWRRORZ
WR FRQWLQXH ZLWK DJULFXOWXUH ,Q VXFK VLWXDWLRQV WKH
NH\TXHVWLRQLVZKHUHDJULFXOWXUDOSURGXFWLRQPD\EH
RSWLPDOO\ORFDWHGRYHUWKHQH[WIHZGHFDGHVZKHUH
LWPD\EHEHWWHUWRDEDQGRQLWDQGZKLFKOLYHOLKRRG
DOWHUQDWLYHVZLOOEHDYDLODEOH
7KHUH DUH ÀYH NH\ LPSDFWV DQG FKDUDFWHULVWLFV RI
FOLPDWHFKDQJHLQDJULFXOWXUHHJ(DVWHUOLQJHWDO
0HHKOHWDO5RVHQ]ZHLJDQG7XELHOOR

 &OLPDWHFKDQJHLPSDFWVZLOOYDU\FRQVLGHUDEO\E\
UHJLRQVRPHUHJLRQVZLOOEHDIIHFWHGSRVLWLYHO\DQG
RWKHUVQHJDWLYHO\+RZHYHUFKDQJHVLQSURGXFWLRQ
FRQGLWLRQV ZLOO RFFXU HYHU\ZKHUH QHFHVVLWDWLQJ
DGDSWDWLRQ 5HJLRQV EHQHÀWLQJ IURP WKH SRVLWLYH
HIIHFWVRIFOLPDWHFKDQJHVKRXOGEHDEOHWRWDNH
IXOODGYDQWDJHRIWKHLUFKDQJHGFLUFXPVWDQFHV
 :DWHUZLOOEHFRPHDNH\LVVXH,QVRPHUHJLRQV
WKHUHZLOOEHLQFUHDVHGZDWHUVFDUFLW\DQGGURXJKW
ZKLOHLQRWKHUVH[WUHPHSUHFLSLWDWLRQZDWHUORJJLQJ
DQGÁRRGLQJZLOOEHFRPHPRUHIUHTXHQW
 3UHVVXUH IURP ZHHGV SHVWV DQG GLVHDVHV ZLOO
LQFUHDVH
 ,QFUHDVLQJ QXPEHUV RI H[WUHPH ZHDWKHU HYHQWV
HJKHDWZDYHVDQGKHDY\SUHFLSLWDWLRQZLOOSRVH
DIXUWKHUFKDOOHQJHWRDJULFXOWXUDOSURGXFWLRQ
 5LVNVLQDJULFXOWXUDOSURGXFWLRQZLOOLQFUHDVHGXH
SDUWO\WRJUHDWHUFOLPDWHYDULDELOLW\
$GDSWDWLRQLQDJULFXOWXUHQHHGVWRUHGXFHH[SRVXUHWR
WKHVHLPSDFWVDVZHOODVVHQVLWLYLW\DQGYXOQHUDELOLW\WR
WKHP7KLVFDQEHDFKLHYHGE\DGRSWLQJVXVWDLQDEOH
DJULFXOWXUDOSURGXFWLRQV\VWHPVVXFKDVDJURHFRORJ\
DJURIRUHVWU\ RU RUJDQLF DJULFXOWXUH 0LOHVWDG DQG
$EVWUDFW
$GDSWDWLRQLQDJULFXOWXUHQHHGVWREHEDVHGRQIRXUSLOODUV
 ,QFUHDVLQJVRLOIHUWLOLW\WKLVFDQEHDFKLHYHGE\UHSODFLQJV\QWKHWLFIHUWLOL]HUVZLWKRUJDQLFIHUWLOL]HUV
DQGPRQRFXOWXUHVZLWKGLYHUVHFURSURWDWLRQV
 ,QFUHDVLQJELRGLYHUVLW\WKURXJKGLYHUVHPHDVXUHVVXFKDVFURSURWDWLRQVXVHRIORFDOYDULHWLHVFDWFK
FURSVKHGJHVDQGRWKHUODQGVFDSHHOHPHQWV7KLVDSSOLHVWRÀHOGIDUPDQGODQGVFDSHOHYHOV,Q
DGGLWLRQWKHXVHRIVXVWDLQDEOHDQGHVSHFLDOO\RUJDQLFFURSSURWHFWLRQZLOOIRVWHUELRGLYHUVLW\RI
LQVHFWVZHHGVHDUWKZRUPVDQGRWKHURUJDQLVPV
 3URYLGLQJLQIRUPDWLRQDQGH[WHQVLRQVHUYLFHVWRVXSSRUWVXVWDLQDEOHDJULFXOWXUDOSUDFWLFHVDQGRUJDQLF
DJULFXOWXUHDJURHFRORJ\DQGDJURIRUHVWU\
 &UHDWLQJDOHYHOSOD\LQJÀHOGIRUVXVWDLQDEOHDJULFXOWXUHDWWKHJOREDOOHYHO7KLVLQYROYHVDEROLVKLQJ
GLVWRUWLQJVXEVLGLHVVXFKDVIRUV\QWKHWLFIHUWLOL]HUVDQGLQWHUQDOL]DWLRQRIH[WHUQDOFRVWV
2UJDQLFDJULFXOWXUHLVDQLGHDOVROXWLRQDVLWUHVSRQGVWRWKHÀUVWWKUHHSLOODUV,QDGGLWLRQJOREDOSROLFLHV
DQGWUDGHDQGFRPSHWLWLRQLVVXHVQHHGVHSDUDWHDWWHQWLRQ
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5HVHDUFK,QVWLWXWHRI2UJDQLF$JULFXOWXUH)L%/6ZLW]HUODQG .H\'HYHORSPHQW&KDOOHQJHVRID)XQGDPHQWDO7UDQVIRUPDWLRQRI$JULFXOWXUH
'DUQKRIHU%RUURQ1LJJOL(O+DJH
6FLDODEEDDQG0OOHU/LQGHQODXI0OOHUHWDO

7KHUHDUHPDQ\UHDVRQVZK\VXVWDLQDEOHDJULFXOWXUHLV
DV\VWHPZHOOVXLWHGWRDGDSWDWLRQ)LUVWWUDGLWLRQDOO\LW
XVHVORFDOO\DGDSWHGYDULHWLHVDQGFURSSLQJSUDFWLFHV
DQGLWFDQWKHUHIRUHEHWWHUDGMXVWWRORFDOYDULDELOLW\RI
FOLPDWHFKDQJHLPSDFWV
6HFRQGLWFDQUHVSRQGWRLQFUHDVHGZDWHUVWUHVVE\
PDLQWDLQLQJ DQG LQFUHDVLQJ VRLO RUJDQLF PDWWHU DV
WKLVLQFUHDVHVWKHVRLO·VZDWHUKROGLQJDQGUHWHQWLRQ
FDSDFLW\8VLQJRUJDQLFIHUWLOL]HUVVXFKDVFRPSRVW
DQGDGRSWLQJGLYHUVHFURSVHTXHQFHVLQSDUWLFXODU
ZLWKOHJXPHOH\VDUHLPSRUWDQWPHDQVRIDFKLHYLQJ
WKLV 7KHVH DUH FRUH SUDFWLFHV RI VXVWDLQDEOH
DJULFXOWXUHDQGRIRUJDQLFDJULFXOWXUHLQSDUWLFXODUZLWK
LWVVWURQJIRFXVRQVRLOIHUWLOLW\VRLOTXDOLW\DQGSODQW
KHDOWK7KHKLJKHUELRGLYHUVLW\LQRUJDQLFDJULFXOWXUH
UHVXOWLQJIURPDQRSWLPDOFRPELQDWLRQRIFURSVZLWK
GLIIHUHQWQHHGVDOVRFRQWULEXWHVWRRSWLPDOZDWHUDQG
QXWULHQWXVH
7KLUG KLJK ELRGLYHUVLW\ DOVR KHOSV UHGXFH WKH
RFFXUUHQFHDQGVHYHULW\RIZHHGVDQGSHVWRXWEUHDNV
DQGSODQWDQGDQLPDOGLVHDVHV6PLWKHWDO
1LJJOL  ,Q DGGLWLRQ FRPSOH[ FURS URWDWLRQV
FRQWULEXWHWRFRQWUROOLQJSHVWVPRUHHIIHFWLYHO\DVWKH\
EUHDNWKHLUOLIHF\FOHV,PSURYHGVRLOIHUWLOLW\DQGSODQW
KHDOWKIXUWKHUUHGXFHYXOQHUDELOLW\WRSUHVVXUHVIURP
LQFUHDVHGSHVWVZHHGVDQGGLVHDVHV$OWLHUL3RQWL
DQG1LFKROOV
)RXUWKLPSURYHGVRLOTXDOLW\DQGKLJKHUFRQWHQWRI
RUJDQLF PDWWHU LQ WKH VRLO DOVR UHGXFH YXOQHUDELOLW\
WR H[WUHPH HYHQWV VXFK DV GURXJKW ÁRRGLQJ DQG
ZDWHUORJJLQJ DQG HURVLRQ 6LHJULVW HW DO 
)OLHVVEDFK HW DO  1LJJOL  (O+DJH
6FLDODEEDDQG0OOHU/LQGHQODXI,QDGGLWLRQ
PXOFKLQJ DQG FRYHU FURSV DUH FRPPRQ SUDFWLFHV
LQVXVWDLQDEOHDJULFXOWXUHEDUHIDOORZVDUHDYRLGHG
DQGHURVLRQLVFRUUHVSRQGLQJO\UHGXFHG/DQGVFDSH
HOHPHQWV VXFK DV KHGJHV RU DJURIRUHVWU\ SURYLGH
VKHOWHU DQG IDYRXUDEOH PLFURFOLPDWHV LPSURYLQJ
PRLVWXUHPDQDJHPHQWDQGFDSDFLW\WRDGDSWWRKLJK
WHPSHUDWXUHV
)LIWKWKHKLJKELRGLYHUVLW\RQVXVWDLQDEO\PDQDJHG
IDUPV HJ RUJDQLF DOVR UHGXFHV WKH ULVN RI WRWDO
SURGXFWLRQORVVHVGXHWRFOLPDWHFKDQJHDQGJHQHUDOO\
LQFUHDVHVWKHUHVLOLHQFHRIDJURHFRV\VWHPV$OWLHULDQG
1LFKROOV&DPSEHOOHWDO7KURXJKWKH
FRPELQDWLRQRIFURSDQGOLYHVWRFNSURGXFWLRQDVZHOO
DVDODUJHUQXPEHURIFURSVJURZQWRWDOHFRQRPLF
IDLOXUH FDQ EH DYRLGHG $GGLWLRQDOO\ WKH HFRQRPLF
ULVNVDUHORZHUIRURUJDQLFIDUPVDVWKH\XVHIHZHURII
IDUPLQSXWVDQGFRUUHVSRQGLQJO\LQFXUORZHUXSIURQW
FRVWV 3ULFH SUHPLXPV IRU LQVWDQFH UHVXOWLQJ IURP
FHUWLÀHGRUJDQLFSURGXFWLRQRIIHUIXUWKHUSRWHQWLDOIRU
LPSURYLQJSURGXFHUV·HFRQRPLFVLWXDWLRQV$OOWKHVH
DVSHFWVFRPELQHGSURYLGHLQH[SHQVLYHEXWHIIHFWLYH
ULVNPDQDJHPHQWVWUDWHJLHVLQSDUWLFXODULQVXUDQFH
DJDLQVWFURSIDLOXUH(O+DJH6FLDODEEDDQG+DWWDP
(\KRUQ
$JURHFRORJ\DJURIRUHVWU\DQGLQSDUWLFXODURUJDQLF
DJULFXOWXUH WKXV UHGXFH YXOQHUDELOLW\ WKURXJK ULVN
UHGXFWLRQ EDVHG RQ GLYHUVLÀFDWLRQ RI OLYHOLKRRG
VWUDWHJLHV FURSSLQJ SDWWHUQV DQG ORZHU LQSXW
FRVWV7KHIRFXVRQVRLOIHUWLOLW\VRLOKHDOWKDQGKLJK
ELRGLYHUVLW\ UHGXFHV VHQVLWLYLW\ 7KLV LV RI SDUWLFXODU
UHOHYDQFH IRU RSWLPDO ZDWHU PDQDJHPHQW DQG IRU
RSWLPDOVWUDWHJLHVWRFRSHZLWKSHVWVDQGGLVHDVHV
5HGXFLQJH[SRVXUHLVWKHPRVWGLIÀFXOWDVWKLVPHDQV
VKLIWLQJFURSSLQJORFDWLRQVRUDEDQGRQLQJDJULFXOWXUH
DOWRJHWKHULQVRPHFLUFXPVWDQFHV
+RZVXFKIXQGDPHQWDOFKDQJHVFDQEHVXSSRUWHG
ZKHUH QHFHVVDU\ QHHGV IXUWKHU UHVHDUFK +RZHYHU
WKHUHDUHVRPHUHDGLO\DYDLODEOHVWUDWHJLHVWKDWUHGXFH
YXOQHUDELOLW\DQGVHQVLWLYLW\DVEULHÁ\GHVFULEHGEHORZ
)LUVW VRLO IHUWLOLW\ QHHGV WR EH EXLOW XS DQG VRLO
GHJUDGDWLRQKDOWHG)RUWKLVVXEVLGLHVIRUV\QWKHWLF
IHUWLOL]HUV VKRXOG EH DEDQGRQHG ZKHUH SRVVLEOH
ZLWKRXWFRPSURPLVLQJIRRGVHFXULW\:KHUHWKLVLVDQ
LVVXHFDUHIXOO\GHVLJQHGWUDQVIRUPDWLRQIURPV\QWKHWLF
%R[ 7KHFRQFHSWRIDGDSWDWLRQ
:HXVHWKHWKUHHFRQFHSWVRI´H[SRVXUHµ´VHQVLWLYLW\µDQG´YXOQHUDELOLW\µWRIUDPHDGDSWDWLRQLQDJULFXOWXUH´([SRVXUHµ
GHVFULEHVWKHOLNHOLKRRGWKDWDV\VWHPZLOOH[SHULHQFHFHUWDLQFRQGLWLRQVVXFKDVGURXJKWHJ6PLWDQG:DQGHO
´6HQVLWLYLW\LVWKHGHJUHHWRZKLFKDV\VWHPLVDIIHFWHGHLWKHUDGYHUVHO\RUEHQHÀFLDOO\E\FOLPDWHYDULDELOLW\RUFKDQJHµ
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WRDWOHDVWSDUWO\RUJDQLFIHUWLOL]HUVUHGHVLJQHGFURS
URWDWLRQV ZLWK OHJXPHV DQG SODQWV ZLWK GLIIHUHQW
URRWLQJ GHSWKV DV ZHOO DV FORVHG QXWULHQW F\FOHV
VKRXOG EH LPSOHPHQWHG 7KH VLPXOWDQHRXV XVH RI
V\QWKHWLFDQGRUJDQLFIHUWLOL]HUVPD\QRWEHDGYLVDEOH
IRU FOLPDWH FKDQJH PLWLJDWLRQ GXH WR WKH UHVXOWLQJ
KLJKHUQLWURXVR[LGHHPLVVLRQV+RZHYHUSDUWLFXODUO\
LQDGHYHORSPHQWFRQWH[WDGDSWDWLRQLQDJULFXOWXUHLV
NH\DQGPLWLJDWLRQPXVWQHYHUFRPSURPLVHRQWKLV
6HFRQG ELRGLYHUVLW\ QHHGV WR EH HQKDQFHG /RFDO
EUHHGLQJ SURJUDPPHV VKRXOG EH HVWDEOLVKHG RU
UHYLWDOL]HG DQG VXSSRUWHG DQG IDUPHUV VKRXOG EH
DEOHWRSURGXFHWKHLURZQVHHGV3UDFWLFHVVXFKDV
DJURIRUHVWU\DQGZHOOGHVLJQHGFURSURWDWLRQVQHHG
WREHVXSSRUWHG/DQGVFDSHHOHPHQWVDOVRFRQWULEXWH
WR DGDSWDWLRQ DV WKH\ LPSURYH WKH PLFURFOLPDWH
3D\PHQWVIRUHFRV\VWHPVHUYLFHVFRXOGEHRQHW\SH
RIÀQDQFLDOLQFHQWLYHPHFKDQLVPWRHQFRXUDJHWKHVH
SUDFWLFHV
7KLVOLQNVWRWKHWKLUGSRLQWLQIRUPDWLRQDQGWUDLQLQJ
DUH FUXFLDO IRU VXFFHVVIXO LPSOHPHQWDWLRQ RI WKHVH
DGDSWDWLRQ VWUDWHJLHV 6XVWDLQDEOH DJULFXOWXUDO
SUDFWLFHV DQG RUJDQLF DJULFXOWXUH DV D KROLVWLF
DJULFXOWXUDOSURGXFWLRQV\VWHPUHO\RQWKHSUHVHQFH
RIDFRQVLGHUDEOHERG\RINQRZOHGJH
)RXUWKWREHVXFFHVVIXODGDSWDWLRQVWUDWHJLHVQHHG
WREHDFFRPSDQLHGE\SROLF\DQGWUDGHPHDVXUHV
0DVVLYH WUDGH GLVWRUWLRQV VXFK DV WKH FXUUHQW
VXEVLGLHVIRUFRQYHQWLRQDOSURGXFWLRQHJFRWWRQLQ
WKH 8QLWHG 6WDWHV QHHG WR EH DEROLVKHG 6LPLODUO\
WKHPDUNHWSRZHURIDJULEXVLQHVVFRUSRUDWLRQVLQWKH
VHHGPDUNHWVDQGLQSODQWSURWHFWLRQLVDKLQGUDQFH
WKDWQHHGVWREHUHPRYHG
)LQDOO\ DOO H[WHUQDO FRVWV RI DJULFXOWXUDO SURGXFWLRQ
VKRXOG EH UHÁHFWHG LQ WKH SULFH :LWKRXW WKLV
FRQYHQWLRQDO SURGXFWLRQ ZLOO DOZD\V KDYH DQ XQIDLU
FRPSHWLWLYH DGYDQWDJH GXH WR GLVWRUWHG SURGXFWLRQ
FRVWVWKDWGRQRWLQFOXGHDOOWKHHQYLURQPHQWDODQG
VRFLDOFRVWVRISURGXFWLRQ,IWKRVHH[WHUQDOFRVWVZHUH
WREHLQFOXGHGLQFRQYHQWLRQDOSURGXFWLRQLWZRXOG
SURYHWREHPRUHFRVWO\WKDQVXVWDLQDEOHDJULFXOWXUH